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Domestication of a species is a process that involves the evolution of a species overtime, 
influenced by a combination of genetic mechanisms and environmental events. As a domestic 
phenotype begins to develop over generations, physiological, morphological, and behavioral 
changes start to appear, a phenomena known as “domestication syndrome”.  Exploring the 
mechanisms behind these early changes observed during the process of domestication would 
allow for further understanding into the physiological and behavioral differences between 
domesticates and their ancestral counterpart. Two strains of foxes developed at the Russian 
Institute of Cytology and Genetics by selecting foxes solely for behavior, specifically for a 
friendly or aggressive response to humans,  provide a unique model of long-term selection for 
specific behaviors that allows for detailed analysis of physiological and behavioral mechanisms 
responsible for changes in behavioral responses to humans observed in domesticated animals.  
One result of selection for tameness included a decrease in basal adrenocorticotropic 
hormone and cortisol levels in blood and overall less stress-sensitivity of tame compared to 
aggressive foxes. Our first aim was to develop and test a method for noninvasive measurement of 
fecal glucocorticoid metabolites (FGM) as a proxy for hypothalamic-pituitary-adrenal (HPA) 
axis activity in tame and aggressive foxes. Glucocorticoid measurement from fecal samples is a 
practice that has been validated in other canids, such as coyotes and dogs. Fecal samples were 
collected six month-old tame and aggressive male foxes to develop a profile of FGM present in 
fox feces in order to determine the most abundant glucocorticoid for analysis. Identification of 
the most abundant glucocorticoids in the fox feces was imperative to choosing the most 
appropriate antibody to conduct the analysis with an enzyme immunoassay (EIA). Proper 
validation of the EIA through parallelism and accuracy to ensure the precision with which the 
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glucocorticoid concentrations were measured was executed. Our results showed that individual’s 
FGM concentrations vary from day to day and found lower FGM concentrations overall in tame 
versus aggressive foxes. High individual variation was observed, especially within the aggressive 
population, suggesting that changes in the environment on a daily basis may affect fox FGM 
concentrations. This is the first study measuring stress hormones through fecal glucocorticoid 
metabolite analysis in tame and aggressive fox populations. The validation of this technique 
should allow further investigation of HPA activity associated with selection for behavior. 
While we are aware of the immense differences in behavior between the two populations 
regarding their response to human interaction, whether the long-term selection for tame and 
aggressive behavior towards humans has an influence on conspecific behavior has yet to be 
addressed. Our second aim was to investigate how selection for tameness and aggression towards 
humans is related to concurrent behavioral changes observed in conspecifics in tame and 
aggressive foxes. Through development of an ethogram for a pair interaction in a three-cage 
apparatus we conducted extensive behavioral coding of video tape interactions between mixed 
(tame-aggressive) and same-type (tame-tame, aggressive-aggressive) dyads. We found that tame 
individuals spent more time together and were more likely to initiate interactions both with 
another tame fox and aggressive foxes. Aggressive foxes were more likely to show agonistic 
behaviors such as pawing and spent significantly less time exploring their enclosure compared to 
tame individuals. These results suggest that intense selection for human-directed behavior has an 
influence on how individuals behave towards conspecifics and led to consistent temperament 
changes in tame and aggressive foxes. 
To better understand the physiological and behavioral differences between tame and 
aggressive foxes, it was important to establish and validate an effective non-invasive method to 
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measure fecal glucocorticoid metabolites. This will allow future investigation into the 
developmental differences between these two fox populations to determine how genetic and 
environmental components play a role in the onset of the fear response and HPA axis maturation 
and influence adult behavior. Investigating the social behavior of foxes from these two 
populations allowed us to understand how intense selection for human-directed behavior can 
influence conspecific behavior. Observing such similar behaviors in each populations when 
interacting in different social contexts compared to how they interact with humans indicates that 
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CHAPTER 1: GENERAL INTRODUCTION 
Domestication, a biological process that began thousands of years ago, has strongly 
influenced the relationship between animals and humans. A number of species have been 
integrated into the social structure of human life for cultural, economic, or aesthetic reasons 
(Clutton-Brock 1992; Diamond, 2002). Throughout the course of domestication, a suite of 
behavioral, morphological, and physiological changes have been observed across domesticated 
species including cows, goats, chickens, sheep, horses, dogs and cats. This phenomena is 
otherwise  known as “domestication syndrome” (Darwin 1868; Kruska 1988, 2005; Driscoll et 
al. 2009; Wilkins et al. 2014).  Docility towards humans, a willingness to breed in captivity, and 
the ability to incorporate humans into their social hierarchy are common characteristics that 
encapsulate a domesticated species. Domesticated animals uncover a unique avenue for studying 
behavior, as it allows us to investigate the multifaceted evolutionary changes associated with 
selection for docile behavior. 
One of the most studied and classic examples of domestication is the domestic dog 
(Canis familiaris), which diverged from its closest relative, the wolf (Canis lupis), at least 15,000 
years ago (Lindblad-Toh et al., 2005; Skoglund et al. 2015; Freedman et al. 2014; Larson & 
Bradley 2014). The domestication of dogs into society has benefited humans in several ways 
including: herding sheep, guiding the disabled, guarding land. Thousands of years since the 
divergence of the dog from the wolf into a human-dominated environment have allowed 
differences in behavior between the two species to emerge. When cooperating with humans, 
hand-reared wolves tend to initiate movement and lead interactions, whereas dogs are more 
likely to rely on humans for guidance and to initiate an interaction, after which they will follow 
(Range et al. 2019; Marshall-Pescini et al., 2017). Dogs preferentially rely on guidance from 
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humans during problem solving tasks compared to wolves, who attempt first to solve the 
problem themselves and exchange less glances with humans (Frank and Frank, 1985; Miklosi et 
al., 2003; Udell, 2015). Overall, the wolf’s lack of eagerness for human interaction, even when 
socialized, compared to the domestic dog could be a result of anthropogenic adaptive pressures 
that have influenced the behavior of the domestic dog,  signifying that their reproductive success 
relies more heavily on interactions with humans compared to interactions individuals of their 
own species. The relationship between the wolf and the domestic dog is just one example of how 
domestication process can transform behavior of a domesticated species in comparison to its 
wild ancestor.  
Since the divergence between dogs and wolves took place so long ago, it is difficult to 
fully understand the details of their early domestication. In an effort to mimic the evolution of 
the wolf to the domestic dog, which are a closely related species to the red fox, Russian scientists 
at the Institute of Cytology and Genetics developed the farm-fox experiment to replicate the 
process of domestication and to comprehend the underlying mechanisms behind this process in 
1959. Although the farm-bred foxes were bred in captivity since the late 19th century, they still 
demonstrated fearful and aggressive responses towards humans.  Over the course of 60 years, the 
population of farm-bred foxes was selected solely for a friendly response, or tameness, towards 
humans.   
To select foxes for tameness, tests were developed to quantify the behavioral response an 
individual fox had to humans based on a scale from 0 to 4 (See table 1). The behavior of each 
fox was examined during five consecutive stages before assigning the individual a score: (1) 
observer approaches the cage, (2) observer stands near the closed cage, (3) observer opens the 
cage door and stands nearby, (4) observer attempts to touch the fox, and (5) observer closes the 
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cage door then stays near the closed cage (Trut 1980; Trut et al. 2004). A score between 1.5-2.0, 
for example, indicates that the fox let itself be petted and handled, but showed no emotionally 
friendly response towards the experimenter, whereas a score of 3.5-4.0 indicates that the 
individual is eager to establish human contact, whimpering to attract attention and sniffing and 
licking an experimenter like a friendly dog (Trut 1980). For reference, the initial generation of 
farmed foxes used for this experiment had behavioral scores between zero and one.  Based on the 
behavioral test results, 10% of the most tamable individuals were selected for breeding for the 
next generation of their respectable population. After a few generations of selection, juvenile 
foxes sought after human interaction at an increasing frequency, with behavioral scores 
continuing to rise with every generation (Trut 1980). It is important to note that a deliberate 
attempt to avoid inbreeding was made as the selection process continued. This selection resulted 
in a population of dog-like tamable foxes eager to interact with humans. After several 
generations of selectively breeding the tamest individuals, the first foxes displaying friendly 
behavior quite similar to that of the domestic dogs appeared. Surprisingly, multifaceted changes 
occurred in the red fox when selected only for behavior, including morphological and 
physiological changes such as smaller size, floppy ears, and an overall reduction in stress-related 
hormones.  
The social functioning of animals both on an individual and species level can be 
influenced by several variables, particularly events that occur during an individual’s critical 
period of socialization, a period that many mammals experience early in development, can have 
an especially large effect on the behavioral development of an individual into their adult life 
(Gilbert and Bailey 1969; Karsh and Turner 1988; Hol et al. 1999; Hess 1973; Lord et al. 2013). 
During this period, animals in the wild gain the ability to properly identify species’ which 
4 
 
decreases their likelihood of avoiding novelty as adults, while animals in captivity exposed to 
other species during this socialization period have the potential to form interspecies attachments 
(Lord et al. 2013; Hess 1959; Scott et al. 1974). One of the most studied canid species, the 
domestic dog, forms its primary social relationships with humans, littermates, and their mother 
during this critical socialization period. Their closest relative, the wolf, is thought to undergo 
their period of socialization two weeks earlier than the domestic dog does, a time during which 
their auditory and visual senses are still developing (Lord et al. 2013). Differences in the timing 
of the socialization period have the opportunity to impose a larger influence on adult behavior, as 
events that occur during this time can affect how an individual reacts to novelty and interacts 
with other members within their species.  
Many similarities have been observed regarding the relationship between the domestic 
dog and wolf compared to the relationship between tame and conventional foxes. For example, 
dogs do not exhibit a fearful response at least until two or two and a half months of age, similar 
to the tame fox population who do not show a fearful response until at least 60-65 days old 
(Belyaev et al. 1985; Lord 2013; Morrow et al., 2015). Whereas in the dog’s wild ancestor, the 
wolf, increased frequency of stress-related behavior to novelty typically occurs around six weeks 
of age, similar to that of the conventional fox population (Scott, 1962; Marshall-Pescini et al., 
2017; Kozlova 1963; Plyusnina and Oskina 1988). The onset of the fear response typically 
represents the end of the socialization period in altricial species’, which is a critical exploratory 
period of time for juveniles to obtain information about their environment (Scott 1965; Hess 
1973). The differences in the length of the socialization period between these two populations of 
foxes could lead to long-term differences in adult behavioral phenotypes.  
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In the 1970s, the experiment at the Russian Institute of Cytology and Genetics was taken 
in the opposite direction behaviorally, which brought on a population of foxes that showed more 
avoidant and aggressive behavior towards humans than standard farm-bred foxes. A behavioral 
scoring system was also used for selection in the aggressive population, instead on a scale from -
4-0, where negative score indicated an emotionally negative response to human interaction (see 
Table 2) (Trut 1980). The behavioral scores of each population shifted further apart on the 
behavior scale with each generation (Trut 1999; Trut 2009). The initial population of foxes used 
to develop the aggressive population already showed a negative response to humans, akin to that 
of a wild red fox, making the selection process gradual for increased aggression. The tame 
population, on the other hand, was selected for novel behaviors not yet observed in untrained red 
foxes in response to humans. These unique experimental populations of tame and aggressive 
foxes allow for an in-depth look at the magnitude of behavioral changes that occur in lieu of 
domestication and how they can potentially influence both human-related and conspecific 
behavior. 
Current Objectives 
The unique animal model developed through the farm-fox experiment allows for 
extensive experimentation of how selection based solely on a behavioral response to humans 
influences stress levels in tame and aggressive foxes. The first aim of the current study is to 
develop and test a non-invasive method to investigate hypothalamic-pituitary-adrenal 
(HPA) axis activity in foxes by measuring fecal glucocorticoid metabolites in adult tame 
and aggressive foxes. Non-invasively monitoring HPA axis activity by measuring stress 
hormones will contribute to further investigation into how selection for behavior is associated 
with changes in the stress response of domesticated animals. 
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While we have observed drastic differences between the two strains in the context of 
human interaction, we are interested in determining whether such behaviors will translate into 
how they interact with their conspecifics. Tame individuals are excited at the sight of humans 
and attempt to gain their attention through whimpering and tail wagging. Aggressive individuals, 
on the other hand, show agonistic behaviors towards humans and avoid any attempt at 
interaction, which can sometimes lead to attacks or biting. The second aim of this study is to 
investigate how selection for tameness and aggression towards humans is related to 
concurrent behavioral changes observed in conspecifics in tame and aggressive foxes.  
Years of selection for human-directed tameness and aggressiveness have allowed 
researchers to gain a strong understanding of how these two populations behave interspecifically. 
However, how behavioral selection influences development and conspecific behavior has yet to 
be determined. Further, investigating conspecific behavior in tame and aggressive foxes will 
allow us to determine if consistent temperament changes across different contexts exist. 
Determining how differences between these two populations can affect their physiology as adults 
will allow us to better understand how differences in development can influence adult behavior 
in domesticated species. Understanding the physiological differences and interactions between 
conspecifics in these two populations will contribute to better animal welfare practices and will 









Table 1.1. System for Scoring Behavior in Tame Fox Population and Selecting the Most Tame 
Foxes for the Breeding Program. 
Animal Reaction Scores 
Passive-protection response; fox avoids experimenter or bites if stroked or handles, 
come if offered food. 
0.5-1.0 
Foxes let themselves be petted and handled, but show no emotionally friendly 
response to experimenter. 
1.5-2.0 
Foxes show emotionally positive, friendly, response to experimenter, wagging tails 
and whining. 
2.5-3.0 
Foxes are eager to establish human contact, whimpering to attract attention and 
sniffing and licking experimenters like dogs. They start displaying this kind of 



























Table 1.2. System for Scoring Behavior in Aggressive Fox Population and Selecting the Most 
Aggressive Foxes for the Breeding Program. 
Animal Reaction Scores 
Fox shows teeth, snarls, growls at first sight of human. When experimenter is near 
closed cage fox attacks experimenter and other objects in field of view. Bared teeth 
and fixed dilated pupils. 
-4.0 
When experimenter is near closed cage, fox shows teeth, snarls, growls, tries to 
attack both experimenter and other objects in field of view. Bared teeth and fixed 
dilated pupils. 
-3.5 
When experimenter is near open cage, fox shows teeth, snarls, growls, attacks 
experimenter and other objects in the field of view. Bared teeth and fixed dilated 
pupils. 
-3.0 
When experimenter is near the open cage, fox growls but does not attack. -2.5 
When experimenter is near the open cage, moves protected arm towards fox, it 
growls and tries to bite. 
-2.0 
As experimenter opens cage, fox is calm, but attempts to touch the fox provoke it to 
















CHAPTER 2: NON-INVASIVE ANALYSIS OF GLUCOCORTICOIDS IN TAME AND 
AGGRESSIVE FOXES (VULPES VULPES) 
 
INTRODUCTION  
The process of domestication is achieved through genetic changes that occur over many 
generations, involving the adaptation of a species to the presence of humans and a new, 
anthropogenic environment (Arbuckle, 2005). This complex evolutionary process is 
accompanied by a suite of behavioral, physiological, and morphological differences observed in 
a species. Many phenotypic traits, such as docility, smaller cranial capacities, and altered 
reproductive cycles have been observed in many domesticated species (Darwin, 1868; Kruska, 
1988; Kruska, 2005). Domesticates also tend to demonstrate reduced fearfulness, increased 
tolerance for human interaction, and a decrease in the reactivity of the hormonal stress response 
(Clutton-Brock, 1992; Trut, 1999). More specifically, reduced levels of glucocorticoids and 
adrenocorticotropic (ACTH) hormone have been observed in domesticated guinea pigs, rats, 
sheep, and experimentally domesticated foxes (Kaiser et al., 2015; Plyusnina et al., 1991; Oskina 
1996; Trut et al., 2009; Albert et al., 2008; Palme & Möstl, 1997). Together, these changes are 
known as “domestication syndrome”, or a suite of modified traits that are often found to 
accompany the process of domestication (Wilkins et al., 2014). Exploring the mechanisms 
behind early changes that occur during the domestication process through experimental models 
such as the red fox allows for further examination into the physiological and behavioral 
differences between domesticates and their ancestral counterpart. 
Farmed foxes at the Institute of Cytology and Genetics in Novosibirsk, Russia have been 
selectively bred for more than 60 years in a study known as the farm-fox experiment. One 
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population of foxes was selected for tameness, or a friendly response towards humans, and 
another population was selected for aggression and decreased fear towards humans. After several 
generations of selection for tameness, the domesticated foxes began to exhibit dog-like behaviors 
such as tail wagging, whimpering, licking, and eagerness to make human contact (Trut, 1999; 
Trut et al., 2004, 2009). Early in life, behavior-related distinctions between the tame and 
aggressive strains were observed, specifically differences in the development of their stress 
response during post-natal development (Belyaev et al., 1985). Aggressive individuals showed a 
sharp increase in blood cortisol levels compared to tame individuals by 45-days of age, 
accompanied by the appearance of a fearful response, which was not observed in tame 
individuals until at least three months of age (Plyusnina et al., 1991; Trut et al., 2004). 
Domesticated foxes also showed basal cortisol levels in the blood three-to five-fold lower than 
farm-bred foxes (Oskina et al., 2008;  Trut et al., 2009). Taken together, the tame and aggressive 
fox populations provide a promising system for the detailed examination of changes in 
hypothalamic-pituitary-adrenal (HPA) axis activity associated with selection for behavior. 
The attenuation of HPA axis activity has been observed in several domesticated species 
(Richter, 1952; Künzl & Sachser, 1999). Activation of the HPA axis in mammals occurs in 
response to a stressor, ultimately leading to the secretion of glucocorticoids in an attempt to 
restore homeostasis (Reeder & Kramer, 2005). This response occurs through a suite of 
physiological alterations to manage the stressor, starting with the hypothalamic release of 
corticotropin-releasing hormone (CRH), which causes the secretion of ACTH from the anterior 
pituitary gland into the bloodstream to signal the release of glucocorticoids (e.g. cortisol or 
corticosterone) from the adrenal cortex. It is important to recognize that glucocorticoids are 
metabolized by the liver preceding excretion via urine or feces, with the assumption that only 
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free, or unbound, glucocorticoids are degraded (Palme et al., 2005). On the other hand, 
glucocorticoids that are bound to corticosteroid-binding globulin (CBG), a carrier protein, pass 
through the liver without being metabolized (Sheriff et al., 2010). Glucocorticoids that are 
metabolized and present in the feces represent glucocorticoid activity over a longer period of 
time, offering a more comprehensive assessment of adrenocortical activity in an individual 
(Touma et al., 2004) 
To better understand parts of HPA axis activity that are modified in domesticated 
animals, non-invasive monitoring of glucocorticoid levels should be considered. Non-invasive 
hormone measurement through fecal sample collection can be used as a tool to measure 
glucocorticoids as an indicator of stress response and HPA axis activity in tame and aggressive 
foxes. While measuring hormone levels via the blood is an effective method, the constraints of 
doing so are immense. Blood sampling often requires physical restraint of an animal, which may 
alter glucocorticoid levels in response to this potentially stressful event. This invasive sampling 
technique only represents glucocorticoid concentrations at a single point of time, whereas fecal 
glucocorticoid measurements signify a larger period of time, that of which varies depending on 
the excretion lag time of a species (Palme, 2005). This technique has been validated in the past 
several years for several species to non-invasively investigate stress hormones. For example, an 
11-oxoetiocholanolone-EIA to measure cortisol metabolites in domestic sheep (Palme & Möstl 
1997) domestic dogs (Schatz & Palme, 2001), a cortisol EIA to measure FGM coyotes (Schell et 
al., 2013), and a corticosterone EIA to measure FGM in the African wild dog (Santymire & 
Armstrong, 2010), and spotted hyenas (Goymann et al., 1999). However, this method has not yet 
been validated in the red fox (Vulpes vulpes).  
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The aim of this study is to develop and validate a method for measuring glucocorticoid 
metabolites in fecal samples that will allow us to non-invasively monitor hypothalamic-pituitary-
adrenal (HPA) axis activity in red foxes. This will contribute to further investigation into how 
selection for behavior is associated with changes in the stress response of domesticated animals. 
 
METHODS 
Animals. The foxes studied in this project were bred and maintained at the experimental 
farm of the Institute of Cytology and Genetics (ICG) in Novosibirsk, Russia. All animal 
procedures at the ICG complied with standards for humane care and use of laboratory animals by 
foreign institutions. The study was approved by the Institutional Animal Care and Use 
Committee (IACUC) of the University of Illinois at Urbana-Champaign. Twenty-five tame and 
aggressive males (twelve tame and thirteen aggressive) approximately 6 months old were used 
for this study. Each individual was housed separately in their own cage in close proximity to 
each other. The foxes were fed twice daily (at 11:00 and 15:00) and water was provided typically 
2-4 times daily.   
Fecal sample collection. Fecal samples were collected on three days: 30 August, 31 
August, and 2 September 2015. The fox cages are located approximately one meter above the 
ground with a mesh floor. Plastic sheets the size of the cage were placed on the ground at 07:00 
to catch all fecal samples deposited by the individuals. All samples were collected in labeled 
plastic bags between 07:00-09:00 before the foxes first feeding period and were stored at -20C 
within one hour of collection to avoid degradation due to bacterial decomposition of fecal 
metabolites (Sheriff et al., 2011). Feces of individuals that defecated more than once during the 
two-hour period were collected for analysis as separate samples. Fecal samples found surrounded 
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by or touching urine, were considered contaminated and not collected. A total of 76 samples (46 
aggressive, 30 tame) were collected for analysis, including 21 samples which were collected on 
day one, 25 on day two, and 30 samples on day three. For 16 individuals (10 aggressive, 6 tame) 
the fecal samples were collected on all three days (Tables 2.1 and 2.2). 
Extraction of hormone metabolites. Fecal samples were kept frozen at -20C for one 
month until they were transported on dry ice to the University of Illinois at Urbana-Champaign. 
The fecal samples were then transferred to -80C before analysis. The extraction of fecal 
glucocorticoid metabolites of the fox samples followed previously described methods with a few 
modifications (Palme et al., 2013; Palme, 2005; Touma et al., 2004). Briefly, entire fecal samples 
were homogenized into a fine powder using a mortar and pestle with a small amount of liquid 
nitrogen to keep the sample frozen during homogenization and then lyophilized for 18-24 hours 
in a FreeZone Bulk Tray Dryer (Labconco, Kansas City, MO) to remove moisture from the 
samples. Approximately 0.5 g of each dried fecal sample was weighed and transferred to a 50 ml 
tube with 5 ml of 80% methanol (methanol:distilled water) and agitated via briefly vortexing the 
sample followed by intense hand-shaking for 2 minutes until the sample was completely mixed 
into a slurry. Each sample was then centrifuged for 15 minutes at 3000 rpm (JS-3.0 Beckman J6-
B, Brea, CA). The supernatant was transferred into a clean pre-labeled glass tube and dried down 
in the hood under increased air pressure in a 40C hot water bath for approximately 6 hours. 
Samples were then reconstituted in 5ml of assay buffer (DetectX® Corticosterone EIA kit, Arbor 
Assays, Ann Arbor, MI), vortexed thoroughly for two minutes, and stored at 4C until analysis.  
LC-MS. Liquid chromatography-mass spectrometry (LC-MS) was used to develop a 
profile of fecal glucocorticoid metabolites (FGM) present in fox feces. Nine corticosteroids were 
chosen to be measured for this analysis (Table 2.3) based on the Kyoto Encyclopedia of Genes 
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and Genomes (KEGG) metabolism pathway for steroid hormone biosynthesis in the dog, a 
closely related species to the fox. Three tame and three aggressive samples were analyzed to 
develop the fecal glucocorticoid profile. 0.5 g of each fecal sample was extracted and dried down 
prior to being dissolved in 150 μL methanol. 10 μL of the solution was injected into a 5500 
QTRAP LC/MS/MS system (AB Sciex, Foster City, CA) in the Metabolomics Laboratory of 
Roy J. Carver Biotechnology Center, UIUC. Software Analyst 1.6.2 (AB Sciex, Foster City, CA) 
was used for data acquisition and analysis. The LC separation was performed on a Phenomenex 
Phenyl-C6 column (2 x 100mm, 3μm) with mobile phase A (0.1% formic acid in water) and 
mobile phase B (0.1% formic acid in acetontrile). The flow rate was 0.25 mL/min. The linear 
gradient was as follows: 0-1 min, 80% A; 10-16 min, 40% A; 16.5-22 min, 80% A. The 
autosampler was set at 5°C. The injection volume was 10 μL. Mass spectra were acquired under 
positive electrospray ionization (ESI) with the ion spray voltage of 5500 V. The source 
temperature was 500 °C. The curtain gas, ion source gas 1, and ion source gas 2 were 35 psi, 65 
psi, and 55 psi, respectively. Multiple reaction monitoring (MRM) was used for quantitation: 
Corticosterone m/z (mass-to-charge ratio) from parent ion to fragment ion: 347.1 to m/z 109.0; 
Cortisone m/z 361.0 to m/z 163.0; Cortisol m/z 363.1 to m/z 121; b-cortolone m/z 367.1 to m/z 
331.0; 11-tetrahydrocorticosterone m/z 349.2 to m/z 331.1; 5b-dihydrocortisone m/z 363.1 to 
m/z 315.1; 5b-tetrahydrocortisone m/z 365.1 to m/z 347.1; 5b-dihydrocortisol m/z 365.1 to m/z 
335.1; 5b-corticosterone 349.1 to m/z 313.1. 
Enzyme immunoassay. Based on the detection of corticosterone as an abundant 
glucocorticoid in fecal samples of red foxes using LC-MS, we used an enzyme immunoassay 
(EIA) kit from by Arbor Assays: Corticosterone DetectX® EIA (Arbor Assays, Ann Arbor, 
Michigan) to measure fecal glucocorticoid metabolites (FGM) as a proxy for HPA axis activity 
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in foxes. To generate the standard curve for the corticosterone EIA from 10,000 to 78.125 
pg/mL, a corticosterone stock solution provided by Arbor Assays was used. Briefly, 50 μL of 
samples were pipetted into clear microtiter plates coated with an antibody meant to capture the 
given sheep polyclonal antibody specific for corticosterone (Arbor Assays, Ann Arbor, 
Michigan) and 25 μL of corticosterone-peroxidase conjugate was added to each well, followed 
by the addition of 25 μL of the polyclonal antibody to corticosterone to initiate the binding 
reaction. The plate was incubated for an hour at room temperature and then washed four times 
before TMB (3,3',5,5'-Tetramethylbenzidine) substrate was added, which reacts with the bound 
corticosterone-peroxidase conjugate. This reaction was stopped with 50 μL of hydrochloric acid 
after 30 minutes of incubation and color intensity was detected on a uQuant Biotech microplate 
reader (Biotek Instruments, Winooski, Vermont) at 450 nm wavelength. Corticosterone 
concentrations were calculated using the software associated with the plate reader, KC Junior 
(Biotek Instruments, Winooski, Vermont).  
All collected fecal samples were run at a 1:5 dilution (sample:assay buffer) and were 
analyzed in duplicate. Intra-assay coefficient of variation was calculated for each sample by 
taking the standard deviation between replicates and dividing them by their mean. FGM 
concentrations were reported as ng/g of dry feces. An intra-assay coefficient of variation between 
duplicates of <15% was achieved. Samples that had intra-assay coefficients of variation >15% 
were reanalyzed. To account for inter-assay precision, a pooled fecal sample extract (two tame 
and two aggressive individuals) was used as quality control. In total, samples were analyzed 




Assay validation. We validated the Arbor Assays Corticosterone DetectX® EIA kit 
through the demonstration of parallelism between serially diluted fecal samples run in triplicate 
(dilutions of 1:8, 1:4, 1:2) and the standard curve of the enzyme immunoassay (Table 2.4). The 
coefficient of variation between dilutions was 5.11%, allowing us to confirm that there was no 
apparent trend towards increasing or decreasing estimates of corticosterone concentrations over a 
range of dilutions.  
The EIA was also validated through a recovery/accuracy check, i.e. a recovery test for 
potential interference caused by substances contacted within the biological sample that are 
independent of specific antigen-antibody binding. This test indicates the degree to which the 
measured concentration corresponds to the true concentration of the substance (i.e. fecal sample). 
Briefly, a sample pool including 2 g of feces from three aggressive and two tame individuals (10 
g total) was extracted as described above in nine separate tubes, and then each tube was spiked 
with 50 ul aliquots of standards 1-8 before running the EIA. One pooled sample acted as a 
control with no standard added to determine assay efficiency. Our recovery validated the 
efficiency of the corticosterone EIA, with a R2=0.99481 (y = 1.0143x – 395.27), confirming that 
the assay reported accurate FGM concentrations for our samples. 
Statistical analyses. To test the assumption of normality, the Shapiro-Wilk test was used. 
Neither using the raw data nor log-transformation of the data allowed us to meet the assumption 
of normality (with alpha=0.01), thus non-parametric tests were used for analysis.  
The Kruskal-Wallis test was used to investigate day-to-day variation of FGM levels. 
Only individuals for whom samples were collected on all three days were used. There were 10 
aggressive individuals and 6 tame individuals with samples collected on all three days. To 
compare populations with an equal sample set, 6 aggressive individuals were chosen at random 
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for day-to-day analysis. In addition to the analysis for all twelve individuals (6 tame and 6 
aggressive) on a day-to-day basis, the analysis of day-to-day variation by population (tame and 
aggressive) was also performed. The Post-Hoc Dunn’s test was used to determine which of the 
three days were significantly different from one another if a p <0.05 was observed. 
To determine if there were differences in FGM levels between tame and aggressive 
populations, we analyzed FGM levels overall and by day using Wilcoxon Rank Sum test. To 
compare FGM levels overall, the total average of every individual’s FGM levels was taken and 
used for analysis (i.e. one value per individual). To determine if there were significant 
differences in FGM levels between tame and aggressive individuals on each day, each 
individual’s average FGM level for that particular day was used (see Table 2.2). For individuals 
that had more than one sample collected on a given day, an average between the two FGM levels 
was taken. Again, the same subset of tame and aggressive individuals that had samples collected 
on all three days were used for the comparison of FGM levels between populations on a single 
day. 
All analysis was run in R version 3.3.2 (https://www.R-project.org) using default 
parameters in the Kruskal-Wallis test (kruskal.test), Wilcoxon Rank Sum test (wilcoxon.test), 
and Post-Hoc Dunn’s Test (dunn.test). Reported P-values were interpreted such that p <0.05 was 
considered statistically significant and P-values ranging from 0.051 and 0.1 were considered to 
be a trend.  
 
RESULTS 
Fecal glucocorticoid metabolites profile. Using LC-MS to develop a fecal glucocorticoid 
metabolite (FGM) profile was a crucial step in the process of measuring glucocorticoids in foxes, 
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as the fecal glucocorticoids most abundant in fox feces have not yet been described. We 
measured nine and found that one glucocorticoid and two glucocorticoid metabolites were 
consistently present in fecal samples of each individual (three tame and three aggressive) 
including: corticosterone, b-cortolone, and 5b-corticosterone (Table 2.3). Of the nine steroids 
measured, corticosterone was the most abundant glucocorticoid present.  
Identification of the most abundant glucocorticoids in the fox feces was imperative to 
choosing the most appropriate antibody to conduct the EIA. Based on results from our LC-MS 
analyses, we used a corticosterone EIA to measure FGM in tame and aggressive foxes. As a part 
of converting to this non-invasive technique, we executed proper validation of the enzyme 
immunoassay through parallelism and accuracy to ensure the precision with which 
glucocorticoid concentrations were measured (see methods). 
Variation in corticosterone levels between tame and aggressive foxes. To investigate the 
day-to-day variation of FGM levels in tame and aggressive foxes, only individuals for whom 
samples were collected on all three days were used (6 tame; 6 aggressive). Kruskal Wallis 
analysis of all 12 individuals did not indicate any significant differences in FGM levels from 
day-to-day (P=0.113). Analysis of the aggressive population separately also did not show 
significant difference across days (P=0.423), while significant differences were observed 
between individuals in the tame population (P=0.034). Post-Hoc Dunn’s test analysis showed 
that within the tame population, FGM levels on day one and day three were significantly 
different from one another (P=0.005). 
Comparison of FGM levels (Figure 2.2) across all samples using the Wilcoxon Rank Sum 
test showed no significant difference between tame and aggressive foxes (P=0.07). However, 
with a median of 62.81ng/g and standard deviation of 46.51 in the aggressive populations 
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compared to 33.94ng/g and 30.75 in the tame population, we can conclude that there is greater 
variation observed overall in aggressive versus tame individuals. Further analysis on individual 
days also did not show significant difference between the two populations on days one, two, or 
three (P=0.485, P=0.132, P=0.394). Nonetheless, on day two, FGM levels of aggressive 
individuals were higher overall than FGM levels of tame individuals (Figure 2.2).  
 
DISCUSSION 
To develop a method for non-invasively measuring steroid hormone metabolites in the 
red fox, we analyzed fox fecal samples using a combination of techniques, including LC-MS and 
EIA. LC-MS analysis helped to determine that a corticosterone EIA was appropriate for analysis 
of FGM present in tame and aggressive foxes, as it was the most abundant glucocorticoid present 
in the feces. A variety of techniques to non-invasively monitor adrenocortical activity as a proxy 
for stress have become increasingly common in many canid species, including the use of LCMS 
or High Performance Liquid Chromatography (HPLC) and enzyme or radio immunoassays. 
Using LC-MS or HPLC as an additional step prior to EIA/RIA analysis has been suggested in 
order to determine which glucocorticoid metabolites derived from cortisol or corticosterone in 
the blood are being measured in the feces by the selected assay (Palme 2005). This allows for the 
ability to characterize glucocorticoid metabolites present in the feces and has been done in 
species such as the domestic dog (Schatz & Palme, 2001), red wolf (Young et al., 2004), and 
African wild dog (Monfort et al., 1998). The use of cortisol EIAs to measure fecal glucocorticoid 
metabolites has been achieved in several canids including coyotes (Schell et al., 2013), domestic 
dogs (Schatz & Palme, 2001) and maned wolves (Vasconcellos et al., 2011), whereas 
corticosterone RIAs and EIAs have been used to measure FGM in species such as the African 
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wild dog (Santymire & Armstrong, 2010), the red wolf (Young et al., 2004) and shelter dogs 
(Uetake et al., 2016). This increasingly popular method allows for the opportunity to monitor 
hormone levels as an indicator of HPA axis activity and stress without influencing the endocrine 
status of the individual (Palme, 2005).  
When plasma glucocorticoids are collected, they represent concentrations at a single 
point in time, which becomes a point of concern when considering the circadian and pulsatile 
secretory pattern variation of plasma GCs (Touma & Palme, 2005; Goymann et al., 1999). Urine 
has become a valuable tool for non-invasively measuring steroid hormones. However, because 
canids and felids void urine through spraying, it becomes logistically difficult to collect and 
therefore an unrealistic approach to non-invasive hormone monitoring. Measuring 
glucocorticoids through fecal samples, on the other hand, is much easier to collect and typically 
requires no interaction with or handling of the animal. FGM measurements represent the 
elimination of hormones over several hours or days, which allows for an integrated measure of 
hormone concentrations that are less heavily influenced by episodic fluctuations seen in the 
blood (Touma & Palme, 2005). Nonetheless, while hormone measurement in the feces tends to 
smooth out hormonal variation found in the blood, across the three days of sampling within our 
dataset we found a large amount of individual variation in several tame and aggressive 
individuals (Figure 2.1). Specifically, FGM levels within the tame population were significantly 
different from each other on days one and three (Figure 2.2). However, behavioral monitoring at 
the study site on the farm did not take place during the days when samples were collected, 
making it difficult to determine if the individual variation observed is related to any unexpected 
exposures to stress. Increasing sample size and the number of days sampled to weeks or months, 
as seen in other studies, would help us better determine if individual daily hormone fluctuation is 
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normal when measured in the feces and which of the reported hormone concentrations accurately 
represent basal and/or stress-induced glucocorticoid metabolite levels (Santymire & Armstrong, 
2010; Schatz & Palme, 2001; Schell et al., 2013; Goymann et al., 1999). 
Previous studies evaluating phenotypic variation between tame and aggressive foxes 
show that selection for tameness is associated with changes in a suite of characteristics including 
a reduction in plasma glucocorticoids and ACTH (Oskina, 1996). With advancing selection, 
hormone levels in the tame population continue to be reduced, confirming the correlative 
relationship between these characteristics and increasing tameness (Trut et al., 2009). In contrast 
to tame foxes, aggressive foxes have similar plasma cortisol and ACTH levels compared to farm-
bred foxes (Oskina et al., 2008). These observed differences in plasma glucorticoid levels 
continue through development, with tame individuals showing basal and stress-induced GC 
levels that are three- and five-fold lower than non-domesticated foxes (Oskina et al., 2008; Trut 
et al., 2009). In contrast to the previously reported data measuring glucorticoids in the blood, our 
results show only a slight trend towards the aggressive population having higher FGM 
concentrations in comparison to the tame population. Thus, further investigation into the 
accuracy with which fecal samples represent hormone concentrations in the blood must be done.  
In order to better understand the physiological and behavioral differences between tame 
and aggressive foxes, it is important to establish and validate an effective non-invasive method to 
measure fecal glucocorticoid metabolites. Development of a glucocorticoid profile and validation 
of the enzyme immunoassay through parallelism and accuracy allowed us to confirm the 
appropriate measurement of glucocorticoid metabolites in the feces. In addition to validation of 
the enzyme immunoassay for non-invasive FGM measurement, a key factor to consider when 
transitioning from invasive (blood) to non-invasive (feces, urine, saliva) measurement is that 
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each method accurately depicts the physiological state of an individual. This can be determined 
through ACTH stimulation test and/or exposure to a stressor, which is the next step in our 
research to validate this method in red foxes. An ACTH stimulation test or exposure to a stressor 
allows one to determine both peak and basal FGM concentrations, as well as excretion lag times. 
This is an imperative next step in the validation of non-invasive measurement of stress hormones 
in tame and aggressive foxes (Palme, 2005; Touma & Palme, 2005; Palme et al., 2013). The 
development of non-invasive monitoring of stress in the red fox can provide insightful 
information for other vulpine species of concern regarding wildlife management and 
conservation. In addition, using fecal hormone analysis will help us further investigate if HPA 
axis maturation in tame and aggressive foxes is controlled by genetics or environmental 
















Table 2.1. Total number of fecal samples collected for tame and aggressive foxes across three 
days (30 August, 31 August, and 2 September 2015). 
 
TAME  AGGRESSIVE TOTAL 
Day 1 11 10 21 
Day 2 8 17 25 
Day 3 11 19 30 























Table 2.2. Individual fox fecal sample collection over a 3-day time period. *Indicates individuals 
with more than one sample collected on a single day during the 07:00-09:00 collection period. 




















Total # of samples 
collected/individual 
F15F001* aggressive 0 2 1 2 3 
F15F002 aggressive 1 1 1 3 3 
F15F003* aggressive 1 1 2 3 4 
F15F004* aggressive 1 1 2 3 4 
F15F005 aggressive 1 1 1 3 3 
F15F006* aggressive 1 2 1 3 4 
F15F007* aggressive 1 2 1 3 4 
F15F008* aggressive 1 1 2 3 4 
F15F009 aggressive 1 1 1 3 3 
F15F010* aggressive 0 1 2 2 3 
F15F011* aggressive 1 2 2 3 5 
F15F012* aggressive 0 2 1 2 3 
F15F013* aggressive 1 1 3 3 5 
F15F014 tame 1 0 0 1 1 
F15F015 tame 1 0 0 1 1 
F15F017 tame 1 0 0 1 1 
F15F018 tame 0 1 0 1 1 
F15F019 tame 1 1 0 2 2 
F15F020 tame 1 1 1 3 3 
F15F021 tame 1 1 1 3 3 
F15F022* tame 1 1 2 3 4 
F15F023 tame 1 1 1 3 3 
F15F024* tame 1 1 3 3 5 
F15F025 tame 1 1 1 3 3 












Table 2.3. Reported concentrations of corticosteroid concentrations in three aggressive (A) and 
three tame (T) individuals from LC-MS analysis, values reported in nanograms per gram of dry 
feces (ng/g). *Fecal samples from individual F15#3 were collected at the same time as all other 














Corticosterone 28.6 63.4 64.6 37.4 14.1 190 
Cortisone 
      
Cortisol 
      
b-cortolone 52.4 7.69 10.8 18.4 29.7 56.2 
11-tetrahydrocorticosterone 
   
6.73 4.78 13 
5b-dihydrocortisone 
     
7.76 
5b-tetrahydrocortisone 
   
4.61 3.14 32.3 
5b-dihydrocortisol 
   
1.34 1.17 6.25 






























































































Figure 2.1. FGM levels of individuals that had samples collected 
on all three days (n=6 aggressive and 6 tame foxes). 
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Figure 2.2. FGM levels for tame (n=12) and aggressive (n=13) fox 
populations on days one, two and three. Outliers observed on Day 1 
are indicated by a small data point located outside the fences of the 

























CHAPTER 3: IMPACT OF SELECTION FOR TAMENESS AND AGGRESSIVENESS 
ON CONSPECIFIC BEHAVIOR IN RED FOXES 
 
INTRODUCTION 
The red fox, Vulpes vulpes, is one of the most widespread canid species, occupying a 
diversity of habitats including mountains, grasslands, forests, and deserts (Baker and Harris 
2004). Across these environments, fox social structure fluctuates, with observed variation in both 
group and territory size, making them a socially ‘flexible’ species (Cavallini 1996; Iossa et al. 
2008). Red foxes have previously been described as facultatively social, where individuals in a 
species that may typically be solitary form social groups under certain conditions, such as 
changes in resource availability or population density (Johnson et al. 2002; Iossa et al. 2008). 
Most canid social groups, while complex, typically include a breeding pair and several 
subordinates (Geffen et al 1996; Macdonald and Moehlman 1983; Moehlman 1989). The red 
fox, although primarily known as a solitary species, has also been observed living in groups of 
up to 10 adults, making this species one of the more complex societies compared to other canids 
(Baker and Harris 2004; Cavallini 1996). When groups are formed, they often consist largely of 
relatives, are female-biased and typically include non-dispersing or reproductively suppressed 
vixens that act as ‘helpers’ to the dominant mating pair in the group (Baker et al. 2004; 
Macdonald 1979). This alloparental behavior acts as a benefit to forming social groups, as it 
allows for related subordinate females to propagate their genes through kin selection and 
increase survival of the young (Macdonald 1983). Group and territory size vary immensely 
across habitats in the red fox and are often influenced by food dispersion and prey abundance 
(Storm 1976; Macdonald 1981; Lindstrom 1982). When ecological conditions worsen, it is more 
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likely that lower ranking members are pushed out of a group as food availability declines and 
aggression increases (Macdonald 1983). Overall, the red fox is a highly plastic species, 
exhibiting a large amount of variability when it comes to diet, home range size, and social 
structure (Pandolfi et al. 1997). 
While our knowledge of the social organization of the red fox is still somewhat limited, 
prior research investigating the behavior of this species has helped to bolster our understanding 
of how this canid species operates behaviorally. Breeding pairs form during winter, with litters 
typically being born during the early months of spring. Litter size varies, but there are an average 
of five pups in a litter, and survival of offspring is reliant on food availability within the territory 
of the breeding pair (Henry 1996). Eyes usually start to open between 10-12 days of age along 
with the development of other sensory cues. When the pups are around five weeks old, the 
mother begins weaning her litter and provides food for them until they are approximately three 
and a half months old. As the pups continue to grow, they learn to play and socialize with one 
another, as well as determining dominance relationships within the litter, which is thought to 
regulate access to food brought back by the parents (Henry 1996). Juvenile male foxes, unlike 
females, are more likely to disperse from their natal range as they approach puberty and begin to 
mature around seven months of age, which likely functions as a mechanism of inbreeding 
avoidance (Macdonald 1979; Storm et al. 1976; Whiteside et al. 2011). Observations in nature 
and captivity have given indication that non-dispersing females promote the survival of the 
offspring of the dominant breeding vixen by providing food, security, and grooming (Macdonald 
1979). This can be beneficial to the helper, as contributing to the survival of closely related pups 
helps some of her own genetic makeup survive into further generations (Henry 1996). The 
decision to disperse or not is a complex ecological process based on environmental and genetic 
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factors that can be swayed by behavior patterns observed in a particular individual (Reale et al. 
2005).  
A group of behavioral traits observed within an individual that are retained across a 
period of time and are observed within multiple contexts can be described as personalities 
(Gosling 2001; Dingemanse and Reale, 2005), behavioral syndromes (Sih et al. 2004), or 
temperament (Reale et al. 2007). Evidence of personality has been found in many species 
ranging from invertebrates to humans (Wolf et al., 2007; Gosling, 2001; Sih et al., 2015). 
Personality can differ within a species based on individual variation observed in particular traits 
such as aggression, sociability, shyness, and boldness. Given that these traits are often correlated 
with one another, an important evolutionary outcome is that this suite of behaviors may not 
evolve independently (Bell 2005). Previous studies have found that temperament has an 
influence on the way an individual interacts with its environment, i.e. predators, food sources, 
and habitat, as well as in social interactions with conspecifics (Reale et al. 2007). Although these 
observed behavioral traits have the ability to be molded by a variety of influences, we are 
discovering that the behaviors themselves are not as flexible as previously supposed. For 
example, individuals characterized by the aggressive-bold personality type are predicted to 
behave in specific ways in certain contexts: they are likely to show aggressive behavior in 
competitive contests and show bold behavior in predator-related contexts (Sih and Del Giudice, 
2012). The traits that construct the personality of an individual are not isolated, rather these 
behaviors work in synchrony with one another across several contexts (Sih et al., 2004; 
Dingemanse and Reale, 2005). In tame and aggressive foxes, for example, we observed a suite of 
behaviors in response to humans. Aggressive foxes show avoidant behavior and bite or attack 
when the distance between themselves and a human is too small (Trut 1980; Belyaev et al. 
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1985). Tame foxes, on the other hand, are eager to approach humans and establish contact and 
interact with humans (Trut 1980; Belyaev et al. 1985). Based on previous behavioral research on 
other species regarding temperament, this indicates that the same behaviors associated with 
tameness and aggression in one context could be displayed in another. Research investigating the 
consistency of behavioral traits specifically in domesticated species across interspecific and 
intraspecific interactions, or different contexts in general, has been fairly limited. Understanding 
how these behavioral traits are connected and displayed across contexts in domesticated species 
will expand our knowledge of how selection for tameness towards humans influences behavior 
as a whole. 
Two strains of foxes have been developed at the Russian Institute of Cytology and 
Genetics by selecting foxes solely for behavior, specifically for a friendly or aggressive response 
to humans. These strains have been under selection since 1959 (tame population) and 1970 
(aggressive population). Based on previous behavioral tests to determine levels of tameness and 
aggressiveness, 10% of the most tame and aggressive individuals have been selectively bred each 
generation (Trut 1980).  . 
Previous behavior research conducted on populations of captive silver foxes has allowed 
for an advance in the understanding of how foxes interact socially in a captive environment. Not 
only does this research further our knowledge of how silver foxes behave socially, but it also 
provides valuable insight on how to best conduct conspecific behavior research in a captive or 
laboratory environment. Hovland et al. (2008) investigated social motivation and motives 
underlying social contact in young farmed silver fox vixens, finding that motivation for 
interaction was present and that foxes exhibited low levels of aggression and higher levels of 
grooming and play when interactions occurred (Hovland et al 2008). However, further research 
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by Hovland and colleagues in 2010 showed that triplet housing of silver fox vixens can initially 
be considered a stressful event, as early interactions are often aggressive in order to establish 
social dominance in the group (Hovland et al. 2010).  Additional research has shown that farmed 
silver foxes show conspecific behavior patterns similar to how its wild counterpart, the red fox, 
interacts in nature (Ahola and Mononen 2002). Individual farmed silver fox families placed into 
an enlarged cage system from weaning to maturity of offspring showed stronger social bonds 
earlier in the experiment via synchronous activity and simultaneously occupied spaces, which 
eventually weakened and became more erratic over time as social tension gradually increased 
(Ahola and Mononen 2002). The observed behavior suggests that the farmed silver foxes were 
mirroring behavior indicative of dispersal shown by foxes in the wild by showing a decrease in 
the frequency of social interactions and increase in independent behavior. Research done by 
Hovland and colleagues investigated farmed silver fox vixens’ interactions with one another and 
determined the types of behavior exhibited when such interactions occur (Hovland et al. 2008). 
Understanding the motivations and potential benefits behind interactions between conspecifics in 
captive environments will not only contribute to better animal welfare practices, but will also 
give insight into how captivity and even domestication can influence intraspecific behavior in a 
species. 
We are aware of the behavioral changes in response to humans between these two fox 
populations, including an eagerness to establish contact and interact in tame foxes and the 
tendency to be avoidant and fearful in aggressive foxes. However, whether the observed 
behaviors will be present during intraspecific interactions has yet to be addressed. The primary 
aim of this study was to investigate how selection for tameness and aggression toward humans is 




Statement of Ethics. The foxes studied in this project were bred and maintained at the 
experimental farm of the Institute of Cytology and Genetics (ICG) in Novosibirsk, Russia. All 
animal procedures at the ICG complied with standards for humane care and use of laboratory 
animals by foreign institutions. 
Animals. 59 tame females and 49 aggressive female silver foxes, a melanistic variant of 
the red fox (Vulpes vulpes), between 5.5 and 6 months old were used for this study. Each fox 
used in the experiment was previously tested according to the described behavioral scoring 
system (Trut 1980). Pairs of same-sex individuals were randomly selected for this experiment, as 
mixed-sex pairs would be an additional confounding variable for the experiment and behavior 
within and between populations of tame and aggressive foxes was the primary concern of this 
study. No interaction between the pair took place prior to testing and each individual was only 
tested once. Every pair of individuals were made up of a dyad of either tame-tame (T-T), 
aggressive-aggressive (A-A), or tame-aggressive (T-A) individuals. Our study includes 39 same-
type dyads (22 T-T dyads, 17 A-A dyads) and 15 mixed dyads (T-A), a total of 54 test sessions. 
It is important to note that littermates or individuals that were housed next to one another post-
weaning were never tested together as a part of this experiment. 
Cage Apparatus. The experimental apparatus, measuring 210 x 85 x 90 cm on four 65 
cm metallic legs, was composed of three adjoining cage units made of wire mesh, with each cage 
measuring 70 x 85 x 90 cm and 20 x 20 cm entrances between them. One subject was placed in 
the left cage and one placed in the right cage, leaving the central cage empty prior to the start of 
testing (Figure 3.1). A drinking bowl was provided in both left and right cages for each subject to 
access water. There were two separate enclosures that had an experimental apparatus set up for 
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testing so that more than one test session could take place at a time. The two enclosures used 
simultaneously for testing were positioned out of sight from one another and other animals at the 
facility to minimize interference during the test session. The camcorders that recorded each 
session were strategically placed inside a housing unit exposed through a small hole in a window 
that was covered in cardboard to avoid interaction with the experimenter during the test session.  
Experimental Procedure. All foxes were fed separately in their individual cages and then 
relocated to the testing apparatus around 1500 one day prior to testing. One individual’s tail in 
each dyad was painted light solution of brilliant green to indicate which side of the cage the 
subject was to be placed in (left or right). Once each fox was relocated, they were left 
undisturbed until the next day when the test session took place. To confirm that no interaction 
took place before the start of the experiment, wooden doors were secured in front of the opening 
to each subject’s cage prior to placing each fox in the apparatus. Testing took place between 
0700-0900 the next day. The test was initiated when the door of each individual’s cage was 
opened simultaneously by an experimenter. After the cage doors were opened, the experimenter 
moved out of the subject’s sight (and remained out of sight during the duration of the test). A 
camera secured on a tripod video-recorded the foxes. Each test session lasted a total of 30 
minutes, during which time both subjects were free to move between all three cages of the 
apparatus. After the test session was complete, each subject was promptly returned to their home 
cage. 
Ethogram. Since detailed behavior research on this unique study system of tame and 
aggressive domesticated foxes has yet to be done, an appropriate ethogram including all the 
different behavioral characteristics observed in these animals needed to be developed. Research 
done by Hovland and colleagues laid the groundwork for analysis of conspecific behavior in 
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tame and aggressive foxes with a set of general behavior traits previously observed in farmed 
silver foxes (Hovland et al. 2008; Hovland et al. 2010). After observers viewed a small subset of 
tapes, the ethogram was modified in order to curate a behavioral catalog that fully encapsulates 
the observed traits of tame and aggressive foxes and allows analysis of their behavior in a way 
that directly tests our predictions regarding their conspecific behavior. Development of the most 
suitable ethogram included several rounds of two observers coding the same tapes to determine 
the accuracy with which the ethogram described observed traits between individuals in the test 
sessions. If a trait from the original ethogram did not fit the behavioral traits of the tame and 
aggressive foxes in this study, it was either adjusted to better describe the observed behavior or 
excluded from the ethogram altogether. Behaviors that are incorporated into the ethogram fall 
under multiple categories, such as exploration, location, and interactions with partner including 
agonistic, affiliative, and playful signals. There are a total of 30 behaviors included in the 
ethogram, which are summarized in Table 3.1.  
Coding and analyses. All videos were coded using the Solomon Coder (Version 
Solomon beta 17.03.22, copyright András Peter). Each test session was coded ‘blind’, i.e. the 
observer was unaware of the dyad type to avoid potential bias during coding. Continuous 
recording of the behaviours of each animal was carried out for the first five minutes of the test. 
The start time was set once both subjects’ attention was no longer focused on the experimenter 
leaving the testing site. The behavior of both individuals in the dyad was coded, hence all videos 
were coded twice, focusing first on subject one (start cage on the right), then subject two (start 
cage on the left). To ensure the establishment of reliability between all observers, inter-observer 
reliability was conducted on 20% of the data (11 test sessions), as is recommended to confirm 
that multiple observers give consistently reliable approximations of an event. Each behavior was 
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analyzed in R using the intraclass correlation coefficient (icc) function of the R package irr 
(version 1.0.153). A score of 70% or higher was considered acceptable, with scores above 80% 
considered excellent. Any traits that fell below 70% were discussed by the observers to 
determine any discrepancies in interpretation of the trait description and then reanalyzed again 
individually by each observer. For most behaviours interobserver reliability was above 80% at 
first comparison (Tables 3.2 and 3.3), The following behaviours required additional clarification 
and training until 70% or higher agreement was reached: non-fear submissive, interact neutral 
posture, tail wagging, nose-to-nose, leave interaction. 
Statistical analyses of behavioral observations. Analyses were conducted separately for 
same-type dyads and mixed type dyads. The average duration, frequency, and latency for each 
analyzed behavior was calculated for tame and aggressive individuals in both mixed and same-
type dyads (Tables 3.4-3.9). The frequency of occurrence of each behavior trait for all test 
sessions for tame and aggressive individuals in each dyad type was also calculated (Tables 3.4-
3.9). Determining the mean of each behavior and overall frequency allows us to gain a better 
understanding of how often certain behaviors are exhibited in each social context.  
To analyze whether behaviors exhibited are influenced by dyad in same-type dyads, we 
used a generalized linear mixed model (GLMM) with the behaviors shown (occurrence, duration, 
frequencies, latencies) as the response variable, dyad type (T-T or A-A) as the explanatory 
variable, and to control for pseudo-replication, dyad as the random factor. To analyze whether 
behaviors exhibited are influenced by focal type (tame or aggressive) in mixed type dyads, we 
used a generalized linear mixed model (GLMM) with the behaviors shown (occurrence, duration, 




For all linear models (durations) diagnostic plots were used to test the assumption of 
normality of model residuals. For models with a binomial or Poisson distributions (likelihood of 
occurrence and frequencies), model assumption (over-dispersion) was checked for.   
For all analyses, in order to establish the effect of dyad type or focal type on the 
occurrence, frequency or duration of behaviors exhibited, we compared the fit of the full model 
to the null model lacking the fixed effects but comprising the same random effects structure as 
the full model (Forstmeier & Schielzeth 2011), using a likelihood ratio test (Dobson 2002).  The 
models were fitted in R (3.3.3; R Core Team 2017) using the function glmer of the R package 
lme4 (version 1.1- 13; Bates et al. 2015) with the optimizer 'bobyqa".  
To investigate effect of dyad-type (when comparing A-A with T-T dads) or focal- type 
(in mixed type dyads) on the latency to interact with the partner, we ran a Cox mixed-effects 
model. A survival response variable was constructed using the Surv function, considering the 
latency to approach and whether this event occurred or not. The subject/dyad was included in the 
model as a random factor. 
Reported P-values were interpreted such that p <0.05 was considered statistically 
significant and P-values ranging from 0.051 and 0.06 were considered to be a trend. 
 
RESULTS 
Same-type dyads. In same-type dyads, 19 of 44 tame foxes and 10 of 34 aggressive foxes 
approached their partners, indicating that initiating an interaction by clearly approaching their 
partner was not affected by strain (χ2=1.32, df=1, P=0.251). There was also no difference 
observed in the latency to approach their partner between tame and aggressive individuals 
(χ2=1.15, df=1, P=0.284). Based on duration analysis of time each subject spent in proximity to 
39 
 
one another (Figure 3.2), individuals in tame-tame dyads spent more time in the same cage as 
their partner compared to individuals analyzed in aggressive-aggressive dyads (mean agg=47.25 
sec, tame= 127.62 sec; χ2=20.07, df=1, P<0.001). Foxes in the tame-tame dyads also had a 
propensity to initiate interaction more often with their partner than in aggressive-aggressive 
dyads (mean agg= 0.47, tame= 1.295; χ2=2.93, df=1, P=0.087). There was no difference in the 
time spent displaying submissive behaviors between tame-tame and aggressive-aggressive dyads 
(χ2=0.04, df=1, P=0.836), however, individuals in tame-tame dyads showed a tendency to spend 
more time interacting with one another in a neutral way compared to aggressive individuals 
(mean agg= 27.54 sec, tame= 44.14 sec; χ2=3.55, df=1, P=0.06). No significant differences 
emerged when looking at the frequency of behaviors including pawing at the partner (χ2=0.005, 
df=1, P=0.941), gaping (χ2=1.04, df=1, P=0.308), belly-up (χ2=0.08, df=1, P=0.771), hold 
partner down (χ2=0.04, df=1, P=0.849), and nose-to-nose (χ2=0.12, df=1, P=0.726). However, 
aggressive individuals displayed the jump back behavior more frequently (Figure 3.3) compared 
to tame individuals (mean agg= 1.09, tame= 0.39; χ2=4.47, df=1, P=0.034). Additional agonistic 
and aggressive behaviors in the ethogram including upright stabbing, back arching, attack and 
fight, and mounting were excluded from analyses as there were too few occurrences to analyze 
(Tables 3.4, 3.6, 3.8). Overall, tame individuals showed a tendency to spend more time moving 
around the cages than individuals in aggressive-aggressive dyads (mean agg= 117.52 sec, tame= 
156.50 sec; χ2=0.04, df=1, P=0.062) and also spent significantly more time wagging their tails 
(Figure 3.4) compared to aggressive individuals (mean agg= 16.05 sec, tame= 20.57 sec; 
χ2=5.53, df=1, P=0.019). 
Mixed dyads. 9 out of 15 tame foxes approached their aggressive partner at least one time 
and only 3 out of 15 aggressive foxes approach their tame partner, indeed tame foxes were 
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significantly more likely to initiate an interaction with their partner than aggressive individuals 
(χ2=14.51, df=1, P=0.0001). Furthermore, tame individuals approached their partner more 
frequently than aggressive individuals (Figure 3.5) (mean agg=0.133, tame=0.153; χ2=20.72, 
df=1, P<0.001). While tame individuals initiated interactions with their aggressive partner more 
frequently, there was no significant difference in their latency to approach their partner (χ2=3.12, 
df=1, P<0.001). The likelihood of showing tail wagging behavior was significantly higher in 
tame compared to aggressive foxes (χ2=13.03, df=1, P=0.0003). Aggressive individuals showed 
the agonistic behavior ‘paw’ significantly more often than tame individuals (Figure 3.6) (mean 
agg= 3.2, tame= 1.27; χ2=12.98, df=1, P=0.0003), whereas tame individuals more frequently 
displayed the submissive ‘belly up’ behavior (Figure 3.7) (mean agg= 0.2, tame= 1.27; χ2=12.97, 
df=1, P=0.0003). Tame foxes spent significantly more time moving throughout the three-cage 
apparatus compared to their aggressive partner (Figure 3.8) (mean agg= 130.71 sec, tame= 
199.27 sec; χ2=8.61, df=1, P=0.003). Aggressive foxes had a tendency to display non-fear 
submissive behavior for a shorter period of time compared to tame foxes (χ2=3.02, df=1, 
P=0.08). There was no significant difference between tame and aggressive individuals regarding 
the frequency of jump back (χ2=0.67, df=1, P=0.414), gaping (χ2=2.294, df=1, P=0.129), nose-
to-nose (χ2=0.1, df=1, P=0.752) and the amount of time showing neutral postures (χ2=0.26, df=1, 
P=0.609). Agonistic behaviors such as hold down, upright stabbing, and back arching in addition 
to affiliative behaviors including social grooming, play wrestling top and bottom, and play bow 







Our analysis suggests that intense selection for human-directed behavior has an influence 
on how tame and aggressive foxes behave towards conspecifics. Tame foxes are often 
characterized by their eagerness to greet humans and establish contact whenever they were 
nearby (Trut 1980; Trut 1999; Trut et al., 2009). Based on their keenness to initiate interspecific 
interactions, we predicted that they would also act this way both towards individuals from their 
own population and the aggressive population, as they have been continuously selectively bred 
for their friendly response towards humans. Tame individuals were also more likely to approach 
their partner in both mixed and same-type dyads, indicating that individuals from the tame 
population are more interested in initiating contact with another fox compared to individuals in 
the aggressive population. Since aggressive foxes tend to show avoidant and agonistic behavior 
towards humans (Trut 1980; Trut et al. 2009), we expected aggressive individuals to be less 
likely to initiate social interactions with their conspecifics and to display more agonistic and 
aggressive behaviors such as pawing their partner. Aggressive foxes rarely approached their 
tame partner, confirming our predictions that their propensity to initiate interaction was relatively 
low. 
Tame individuals, when placed in a dyad together, also spent more time in the same 
location as their partner, suggesting that they were more inclined to spend time near their partner. 
On the other hand, we found that on average, tame foxes spent more time in their partner’s cage 
alone when they were in same-type dyads versus mixed type dyads. Interestingly, this observed 
behavior is likely due to the inclination that the tame population has to explore novel 
environments without fear. This could be due to the differences in development, specifically 
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regarding changes in the length of the socialization period and levels of stress observed between 
aggressive and tame foxes (Belyaev et al. 1985; Plyusnina et al., 1991; Oskina et al., 2008).  
Showing developmental similarities to the dog, tame individuals have a longer 
socialization period when they are young, allowing them more exposure to novelty before their 
fear response is developed (Belyaev et al. 1985; Lord 2013). While these two populations are 
raised in almost identical settings, the longer developmental period could be partially responsible 
for the lack of fear observed in tame foxes compared to the more hesitant and avoidant behaviors 
seen in aggressive foxes. Based on the longer length of socialization that occurs developmentally 
in tame foxes, we expected tame foxes to be more exploratory not just towards their conspecifics 
but also of the novel environment in which they were tested. When evaluating their intraspecific 
interactions in both same-type and mixed dyads, tame individuals spent a substantial amount of 
time sniffing and exploring each cage in the enclosure, validating the predicted presence of 
exploratory behavior in tame individuals.  
Although tame individuals attempted to interact more with their partner individuals 
compared to aggressive foxes in same-type dyads, there were only a few instances when 
aggressive foxes retaliated negatively towards their tame partner by attacking or fighting. Thus, 
even though each population is so distinct from one another behaviorally, a level of ‘tolerance’ 
for the friendly and excited behavior exhibited by tame foxes was permitted by their aggressive 
partners that was not observed when aggressive individuals interacted with humans. This follows 
our prediction that aggressive individuals would be less interactive and exploratory overall, as 
avoidant behavior often accompanies their aggressive nature. Observance of similar behavioral 
traits between intraspecific and interspecific contexts in these two populations implies that 
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selection for human-directed tameness and aggressiveness also inadvertently affected 
intraspecific behavior. 
It is important to note that the potential stress from moving the foxes from their home 
cage to the enclosure did not go unrecognized. Placing the individuals in the cage one day prior 
to the experiment and allowing them the appropriate amount of time to adjust was intentionally 
done to eliminate any possible residual stress during the experiment. While we realize that we 
cannot eliminate the presence of humans completely for the experiment, minimal interaction 
during relocation and before the start of the test session took place.  
The suite of behaviors displayed in tame foxes when exposed to both inter- and intra-
specific interactions implies that temperament remains constant across different social contexts. 
Tame foxes consistently showed behaviors including approaching their partner, interacting in a 
neutral posture towards their partner, spending time in the same cage as their partner, and 
wagging their tails with excitement when interacting with their partner. Aggressive individuals, 
on the other hand, expressed their decrease in sociality slightly differently compared to how they 
react interspecifically towards humans. These foxes were selected for a behavior that did not 
promote social interaction, but rather aggressive behaviors. The avoidance of interaction 
observed when aggressive individuals interacted with humans was observed when exposed to 
their conspecifics, but lacked baring of teeth and growling that occurred when aggressive foxes 
interacted with humans. Additionally, the behaviors observed in aggressive individuals were less 
consistent overall between same-type and mixed dyads, which is likely due to the tendency of 
tame individuals attempting to interact with their conspecific during the experiment. Because of 
this, aggressive individuals exhibited more behaviors overall when they were tested in mixed 
dyads with tame individuals. Agonistic behaviors such as gaping, pawing their partner, and 
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jumping back in reaction to their partner were more frequently observed traits in aggressive 
individuals overall. It is important to reiterate that these populations have never been selected for 
social or conspecific behavior, but only their social relationship with humans. Observing such 
similar characteristics in each population when they interact with one another compared to how 
they interact with humans furthers the suggestion that behavioral features of animals are not as 
flexible as we think (Reale et al. 2007; Sih et al., 2004; Dingemanse and Reale, 2005). In other 
words, a tame fox shows friendly behavior and an eagerness to interact in different social 
contexts whereas the aggressive fox remains avoidant of interaction and often shows agonistic 
behaviors when interactions take place. 
The long-term selection of farmed foxes to mimic the process of domestication 
remarkably demonstrated how selection for a single behavior often comes with a similar subset 
of behaviors, e.g. friendly behavior and eagerness to interact with humans and conspecifics. 
Interestingly, aggressive foxes appear to display a higher level of aggression towards humans 
compared to their conspecifics, insinuating a lower level of sociality towards when interacting 
intraspecifically, not intense aggressive behavior. This suggests that while selection for tameness 
appears to occur consistently in different social contexts, aggressive behavior is expressed more 
likely on a gradient of intensity, from avoidant to agonistic and aggressive to the point of 
attacking. The findings in tame and aggressive foxes may provide novel information about 
biological mechanisms underlying complex changes in conspecific behavior of domesticated 







Table 3.1. Ethogram Behavioral categories, and single behaviors, including definitions. 
Measures taken for each behavior are specified D=Duration (s), F=Frequency, L=latency (s). 
BEHAVIOR MEASURE DESCRIPTION 
Explore     
Locomotion D 
The subject walks around either sniffing the 
ground/mesh or looking around. Separate bouts of 
locomotion are coded when the subjects is stationary 
for at least 5sec between bouts. 
    
 
Location   
All four paws need to be in the cage to switch 
categories, and specify with or without partner 
Start Cage (alone, with partner) D, L 
Focal fox is in the start cage. Coding in new location 
begins when the subject as all four paws in the new 
cage. 
Middle Cage (alone, with 
partner) 
D, L 
Focal fox is in the middle cage. Coding in new 
location begins when the subject as all four paws in 
the new cage. 
Partner Cage (alone, with 
partner) 
D, L 
Focal fox is in the partner cage. Coding in new 
location begins when the subject as all four paws in 
the new cage. 
    
 
Interaction with Partner   
 
Contact initiation/Approach F, L 
The subject animal moves towards and clearly 
initiates an interaction with the partner (if there is 
not a clear initiation of interaction, this is not coded). 
Interact Neutral D 
Body position is neutral, no clear indication of one 
individual interacting with a higher or lower posture 
than the other. This is a default category when we 
are unsure of any other category. 
Leave  F 
The subject clearly moves away from an interaction 
with the other subject (this can occur even if there 
was not a defined approach beforehand). 
Upright Stabbing F, D 
Forepaw (one or both) and stabbing normally 
directed at the shoulders of the partner, and 
accompanied by a gape, the ears are back and the 
subjects is on its hind legs (which can be extended 
or more in a sit/squat). The partner may be crouched 
or lying on its back. 
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Table 3.1 (continued)   
Mutual Upright Stabbing F, D 
Mutual forepaw stabbing and pushing (both partners 
doing this at the same time). The foxes stand on their 
hind legs (which can either be extended or in a 
sit/squat), ears turned backwards, seizing each other 
with the front paws, pushing and displaying gapes 
Hold/Pin down F, D 
The subject is pushing down (with one/both paws) 
the other, usually directed at the belly of the partner. 
The partner is normally in a belly up or crouched 
position 
Gape F 
Open mouth signal directed towards other fox 
combined with a neutral posture (in other cases it 
occurs within the upright stabbing, or submissive, 
playful behavior) 
Paw F 
The subjects (once or) repeatedly paws the partner 
on the back, or side or shoulder of the other 
(combined with a neutral posture) 
Mount F, D One fox mounts the other 
Back arching F, D 
The fox stands stiff on four legs, arching its back 
with the head pointing downwards and 
ears turned backwards. The fox may intensify this 
signal by directing its stare towards 
the opponent and displaying the flank (side), or 
moderate the signal by looking away and 
pointing its hind part towards the opponent. 
Attack and fight F, D 
Attack followed by wrestling and bites directed 
towards the other fox’ body. Short bouts of upright 
wrestling occurring in the middle of a fight was also 
included as part of a physical fight session 
    
 
Jump Back F 
Following the partner looking and/or approaching 
the subject jumps back. 
Fearful Submissive Posture D 
The fox has a low body and head posture where the 
back is arched and curved and the legs 
are crouched. The ears are turned backwards (flat), 
the mouth is open, and the tail is low 
and may swipe back and forth 
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Table 3.1 (continued)   
Non-fearful Submissive Posture D 
The fox has a low body and head posture and may 
lie down, but not crouch or curve its body, with ears 
turned back and open mouth (submissive grin) and 
tail is pressed down or wagging. It may also try to 
approach the other fox by ‘crawling’ towards it 
while 
displaying active submission. Low body posture is 
the determining factor. 
Belly-up F, D 
The fox lies with its belly exposed to the other fox in 
response to a non-playful behavior (if partner is 
playful then this would be a play-wrestling bottom). 
    
 
Affiliative signals   
 
Nose-to-Nose Contact F Used with interact neutral 
Social Grooming D 
One fox sniffs, licks and nibbles the fur of the 
other fox 
    
 
Tail motion/position   
 
Tail-wagging D 
Tail is in motion combined with neutral posture 
(otherwise this is included in the submissive 
behaviors) 
    
 
Play   
 
Side Wrestling D Both individuals lie on their side and play wrestle 
Play wrestling-top D 
Wrestling in playful manner, the subject has the 
position on top of the partner 
Play wrestling-bottom D 
Wrestling in playful manner, the subject is below the 
other. This behavior looks like a "belly-up" and 
cannot effectively be distinguished from it, aside 
from the fact that in this case, the partner in playful 
and not rigid. 
Play Bow F 
The fox crouches its forelegs and elevates 
its hind end facing the other fox 
Playful D Playful interaction but no wrestling involved 
    
 
START   
This is considered the start of the trial. The moment 
both animals are no longer oriented towards the 
leaving experimenter is considered the start of the 
trial 
STOP   after 5 minutes from the START. 
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Table 3.2. Interobserver Reliability scores for behaviors measured by duration between two 
observers. (*) indicates behaviors that required recoding until IOR score of 70% or higher was 
achieved. N/A indicates behaviors that were not observed in 20% of the tapes. 
BEHAVIORS IOR Score (%) 
START CAGE ALONE 100 
MIDDLE CAGE ALONE 100 
PARTNER CAGE ALONE 100 
START CAGE WITH PARTNER 100 
MID CAGE WITH PARTNER 100 
PARTNER CAGE WITH PARTNER 100 
BELLY UP 96 
LOCOMOTION 86 
HOLD DOWN 93 
MUTUAL UPRIGHT STABBING 97 
BACK ARCHING N/A 
ATTACK/FIGHT N/A 
MOUNT N/A 
FEAR SUBMISSIVE N/A 
NON-FEAR SUBMISSIVE* 90 
SOCIAL GROOMING N/A 
SIDE WRESTLING N/A 
PLAY WRESTLING TOP 99 
UPRIGHT STABBING N/A 
PLAY WRESTLING BOTTOM 98 
INTERACT NEUTRAL POSTURE* 81 












Table 3.3. Interobserver Reliability scores for behaviors measured by frequency  between two 
observers. (*) indicates behaviors that required recoding until IOR score of 70% or higher was 
achieved. N/A indicates behaviors that were not observed in 20% of the tapes. 
BEHAVIORS IOR Score (%) 
PAW 87 
BELLY UP 92 
URINATION 88 
HOLD DOWN 82 
MUTUAL UPRIGHT STABBING 96 
BACK ARCHING N/A 
ATTACK/FIGHT N/A 
MOUNT N/A 
NOSE TO NOSE* 81 
SOCIAL GROOMING N/A 
JUMP BACK 82 
PLAY BOW N/A 
UPRIGHT STABBING N/A 
LEAVE INTERACTION* 71 





















Table 3.4. Average duration and standard deviation of observed behaviors in tame and 
aggressive foxes in same-type dyads in addition to  overall frequency of occurrence of behaviors. 










START CAGE ALONE 148.52 (108.87) 0.97 41.41 (31.90) 1.00 
MIDDLE CAGE ALONE 69.32 (77.17) 0.74 61.38 (30.85) 0.95 
PARTNER CAGE ALONE 26.77 (36.21) 0.41 66.5 (43.43) 0.89 
START CAGE WITH PARTNER 13.72 (25.77) 0.41 37.93 (42.07) 0.89 
MID CAGE WITH PARTNER 19.55 (25.85) 0.47 52.69 (34.14) 0.91 
PARTNER CAGE WITH PARTNER 13.98 (26.02) 0.44 37 (42.63) 0.91 
TOTAL PROXIMITY TO PARTNER 47.25 (46.46) 0.59 127.62 (50.99) 1.00 
BELLY UP 9.11 (31.07) 0.18 21.34 (63.69) 0.20 
LOCOMOTION 117.52 (73.85) 0.94 156.50 (67) 0.95 
HOLD DOWN 1.38 (5.90) 0.09 0.68 (2.63) 0.09 
MUTUAL UPRIGHT STABBING 1.42 (3.91) 0.18 4.25 (13.49) 0.14 
BACK ARCHING 0.68 (3.89) 0.03 0 0 
ATTACK/FIGHT 0 0 0 0 
MOUNT 0 0 0 0 
FEAR SUBMISSIVE 2.78 (13.98) 0.06 0.46 (2.27) 0.05 
NON-FEAR SUBMISSIVE 8.35 (22.40) 0.29 9.66 (17.23) 0.50 
TOTAL SUBMISSIVE BEHAVIOR 11.13 (25.80) 0.32 10.12 (17.12) 0.55 
SOCIAL GROOMING 0 0 0 0 
SIDE WRESTLING 0 0 0 0 
PLAY WRESTLING TOP 1.28 (7.33) 0.03 0.21 (0.97) 0.05 
UPRIGHT STABBING 0 0 0.21 (0.94) 0.07 
PLAY WRESTLING BOTTOM 7.43 (26.50) 0.12 2.74 (9.81) 0.14 
INTERACT NEUTRAL POSTURE 27.54 (33.91) 0.76 44.14 (29.79) 0.89 
TAIL WAGGING 0.35 (1.21) 0.12 4.27 (7.63) 0.48 
PLAY 0 0 0 0 






Table 3.5. Average duration  and standard deviation of observed behaviors in tame and 
aggressive foxes in mixed dyads in addition to  overall frequency of occurrence of behaviors. 










START CAGE ALONE 134.16 (95.17) 0.93 56.35 (50.98) 0.93 
MIDDLE CAGE ALONE 27.2 (30.59) 0.67 110.81 (60.39) 0.93 
PARTNER CAGE ALONE 33.31 (50.65) 0.47 27.48 (33.03) 0.67 
START CAGE WITH PARTNER 72.03 (63.83) 0.80 16.24 (24.59) 0.40 
MID CAGE WITH PARTNER 40.87 (39.24) 0.80 40.85 (39.24) 0.80 
PARTNER CAGE WITH PARTNER 16.28 (24.61) 0.40 72.11 (63.87) 0.80 
BELLY UP 0.45 (1.70) 0.07 5.17(9.06) 0.33 
LOCOMOTION 130.71 (62.71) 1.00 199.27 (64.91) 1.00 
HOLD DOWN 3.8 (6.29) 0.40 0 0 
MUTUAL UPRIGHT STABBING 11.05 (16.41) 0.60 11.05 (16.41) 0.53 
BACK ARCHING 1.67(6.24) 0.07 0 0 
ATTACK/FIGHT 0.71 (2.64) 0.07 0 0 
MOUNT 0 0 0 0 
FEAR SUBMISSIVE 0 0 0 0 
NON-FEAR SUBMISSIVE 8.39 (13.62) 0.40 19.71 (20.47) 0.67 
SOCIAL GROOMING 0 0 0 0 
SIDE WRESTLING 0 0 0 0 
PLAY WRESTLING TOP 2.31 (8.63) 0.07 0 0 
UPRIGHT STABBING 0.48 (1.59) 0.13 0.69 (2.44) 0.13 
PLAY WRESTLING BOTTOM 0.64 (2.39) 0.07 2.57 (9.63) 0.07 
INTERACT NEUTRAL POSTURE 40.12 (23.76) 1.00 36.76 (34.12) 1.00 
TAIL WAGGING 2.01 (5.74) 0.20 4.63 (6.71) 0.47 











Table 3.6. Average frequency and standard deviation of observed behaviors in tame and 
aggressive foxes in same-type dyads in addition to  overall frequency of occurrence of behaviors. 










PAW 0.59 (1.19) 0.42 0.64 (1.46) 0.30 
BELLY UP 0.35 (1.16) 0.12 0.45 (1.57) 0.18 
URINATION 0 0 0.23 (0.52) 0.18 
HOLD DOWN 0.29 (1.13) 0.09 0.25 (0.77) 0.14 
MUTUAL UPRIGHT STABBING 0.35 (0.84) 0.18 0.55 (1.72) 0.14 
BACK ARCHING 0.03 (0.17) 0.03 0 0 
ATTACK/FIGHT 0 0 0 0 
MOUNT 0 0 0 0 
NOSE TO NOSE 0.97 (1.20) 0.47 0.75 (0.91) 0.50 
SOCIAL GROOMING 0 0 0 0 
JUMP BACK 1.09 (1.72) 0.41 0.39 (1.11) 0.23 
PLAY BOW 0 0 0 0 
UPRIGHT STABBING 0 0 0.07 (0.25) 0.07 
LEAVE INTERACTION 0.26 (1.20) 0.09 0.57 (1.05) 0.32 
GAPE  3.35 (5.06) 0.47 3.07 (3.10) 0.68 
APPROACH 0.47 (0.92) 0.29 1.3 (2.33) 0.43 

















Table 3.7. Average frequency and standard deviation of observed behaviors in tame and 
aggressive foxes in mixed dyads  in addition to  overall frequency of occurrence of behaviors. 
FREQUENCY: MIXED DYADS 










PAW 3.2 (3.78) 0.60 1.27 (2.24) 0.33 
BELLY UP 0.2 (0.75) 0.07 1.27 (2.17) 0.33 
URINATION 0 0 0.53 (0.81) 0.40 
HOLD DOWN 0.6 (0.95) 0.33 0 0 
MUTUAL UPRIGHT STABBING 2.2 (2.93) 0.53 2.2 (2.93) 0.53 
BACK ARCHING 0.07 (0.25) 0.07 0 0 
ATTACK/FIGHT 0.2 (0.75) 0.07 0 0 
MOUNT 0 0 0 0 
NOSE TO NOSE 1.4 (1.67) 0.60 1.27 (1.57) 0.60 
SOCIAL GROOMING 0 0 0 0 
JUMP BACK 1.47 (2.12) 0.47 0.8 (1.11) 0.47 
PLAY BOW 0 0 0 0 
UPRIGHT STABBING 0.13 (0.34) 0.13 0.13 (0.34) 0.13 
LEAVE INTERACTION 1.47 (1.89) 0.53 0.6 (1.20) 0.27 
GAPE 6.13 (5.78) 0.73 3.8 (4.37) 0.67 


















Table 3.8.  Average latency and standard deviation of observed behaviors in tame and 
aggressive foxes in same-type dyads. 
LATENCY: SAME-TYPE DYADS     
  
AGGRESSIVE 
MEAN (Std. Dev.) 
TAME MEAN 
(Std. Dev.) 
START CAGE ALONE 1.52 (8.72) 20.53 (56.49) 
MIDDLE CAGE ALONE 138.74 (118.52) 52.67 (78.03) 
PARTNER CAGE ALONE 228.38 (92.93) 100.94 (90.49) 
START CAGE WITH PARTNER 240.72 (83.81) 130.6 (90.15) 
MIDDLE CAGE WTH PARTNER 207.76 (112.03) 75.43 (95.94) 
PARTNER CAGE WITH PARTNER 240.71 (83.81) 130.62 (90.15) 































Table 3.9. Average latency and standard deviation of observed behaviors in tame and 
aggressive foxes in mixed  dyads. 
LATENCY: MIXED DYADS     
  
AGGRESSIVE 
MEAN (Std. Dev.) 
TAME MEAN 
(Std. Dev.) 
START CAGE ALONE 0 18.41 (66.39) 
MIDDLE CAGE ALONE 183.86 (91.87) 46.17 (55.80) 
PARTNER CAGE ALONE 218.82 (89.96) 205.11 (86.57) 
START CAGE WITH PARTNER 118.52 (82.68) 231.17 (81.41) 
MIDDLE CAGE WTH PARTNER 173.14 (104.28) 173.14 (104.28) 
PARTNER CAGE WITH PARTNER 231.15 (81.43) 118.51 (82.67) 






























































Figure 3.2. Mean time spent (in seconds) in the same cage was significantly 
higher in T-T than A-A dyads. Boxplot shows the mean, inter-quartile range 





































Figure 3.3. Frequency of the observed jump back behavior was 
significantly higher in A-A dyads compared to T-T dyads. Boxplot shows the 






































Figure 3.4. In same-type dyads, tame individuals spent significantly more time 
tail wagging than aggressive individuals. Boxplot shows the mean, inter-

















































Figure 3.5. In mixed-type dyads, tame foxes approached their partner more 
frequently than aggressive foxes. Boxplot shows the mean, inter-quartile range 

















































Figure 3.6. In mixed-type dyads, aggressive foxes carried out ‘pawing’ behavior 
significantly more often than tame foxes. Boxplot shows the mean, inter-quartile range 

















































Figure 3.7. In mixed-type dyads, tame foxes carried out ‘belly up’ behaviors 
significantly more often than aggressive foxes. Boxplot shows the mean, inter-

















































Figure 3.8. In mixed type dyads, tame foxes spent significantly more time moving 
around the three-cage apparatus than aggressive foxes. Boxplot shows the mean, 
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